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Abstract. The star formation rate (SFR) in starburst galaxies can be measured by many 
methods, one of which is through the supernova rate. Due to the heavy dust obscuration 
in these galaxies, searches for new supernovae in the optical or infra-red can easily miss 
events occurring in the central starburst regions. As part of a long term program to estimate 
the SFR in a sample of nearby starbursts we are using MERLIN and the VLA to regularly 
observe the galaxies for new radio supernovae. As part of this project, regular MERLIN 
observations have been made of two recent optically bright supernovae: 2004dj and 2004et. 
Both supernovae are of Type II and have been monitored frequently over periods of a few 
months, resulting in well sampled radio "light" curves for both objects. 
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1. The monitoring program 

The supernova (SNe) rate is a useful indica- 
tor of the star formation rate (SFR) in starburst 
galaxies. In active star forming regions with 
large gas reservoirs it is likely that large num- 
bers of massive stars will form. If all stars with 
a mass greater than 8 Mq become supernovae 
via core collapse then, assuming a reasonable 
initial mass function, the SFR can be calcu- 
lated as a simple function of the supernova rate. 
Searches for new SNe are often carried out op- 
tically or in the infra-red which, although able 
to pick out explosions in the outer parts of star- 
burst galaxies, can miss events in the heavily 
dust obscured central regions. 

In order to observe new supernova 
events in the optically obscured centres 
of these galaxies, and hence estimate 
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the SFR, we are using a combination of 
the NRAO's V ery Large AiTay (VLA, 
iThompson et al. iil980) and the Multi-Element 
Radio Li nked Interferome ter Network 
(MERLIN, iThomassonI [1986') to regularly 
monitor a sample of ten starburst galaxies over 
five years. Regular observations will allow the 
detection and follow-up of new radio super- 
novae (RSN) and supernova remnants (SNR), 
while the long timescale of the project will 
allow the flux evolution of existing remnants to 
be measured. This will allow estimates of the 
star formation rates to be determined, leading 
to a comparison with the rates determined 
through other indicators. 

The observing strategy involves observa- 
tions of the ten galaxies in the sample, all of 
which are within 15 Mpc, roughly three times 
a year. The VLA is used when in A or B con- 
figuration as reasonable resolution is required 
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in order to separate new events from the rest 
of the galactic emission, and MERLIN is used 
when the VLA is in the more compact C or D 
configurations. Observations need not be more 
frequent than this as radio emission tends to 
rise later than at optical wavelengths and per- 
sists for several months in the case of core col- 
lapse supernovae (Type Ib/c and Type II SNe 
IWeileret al. 2002). Note that Type la SNe are 
not radio bright to the detection limit of the 
VLA. 

The first observation in this program was 
carried out using the VLA in B configura- 
tion in November 2003. Several epochs have 
now been completed, with both the VLA and 
MERLIN, and observations of several super- 
novae have been made. 

2. Results 

2.1. J1 03851 +532927 

The first result from this program was a pre- 
viously undiscovered RSN situated one ar- 
cminute from the centre of the nearby star - 
burst galaxy NGC3310 dAr go et al.ir2004ah . 
This object (known as J103851-H532927)is co- 
incident with a group of Hii regions and was 
visible in archive data as far back as 1986 al- 
though, in the early 1990s and before, the flux 
was at least a factor of five lower. The object is 
also coincident with a weak X-ray source, al- 
though no optical counterpart has been discov- 
ered despite searches through archival data. 

The source had been n oted in previous ra- 
dio maps of the galaxy (e.g.'Kregel & Sancisi. I 
[2001), although it was assumed to be a back- 
ground quasar. The source displays properties 
which are uncharacteristic of normal quasar 
behaviour, however. Firstly the source has a 
steep spectral index (a ~ -1.6 where Socv^") 
and secondly it displays large flux variability 
with a sharp rise, followed by a slower de- 
crease. In the mid-1990s the flux at 1.4 GHz 
increased by at least a factor of five to almost 
lOmJy before decreasing at approximately 10 
per cent per year. 

Since the discovery of this object, several 
more observations have been performed using 
MERLIN, and the resulting radio light curve 



of this object was published in lAr go et aTl 
ll2004ah . The fact that the SNe appears to have 
occured in the late 1990s so the radio emission 
has now persisted for over 5000 days implies 
that this was a Type II SNe. If the source is 
at the distance of NGC 3310 then the approx- 
imate peak 5 GHz luminosity was ~ 3 x lO'^ 
WHz ' which, although at the low end of the 
scale, is consistent with luminosi ties measured 
for o ther Type II SNe (see e.g. IWeiler et al. I 

2.2. 2004dj 

At the end of July 2004 a bright supernova 
was discovered optically in t he near by star- 
burst galaxy NGC 2403 lNakanoeTal71^2004^ . 
Peaking at a magnitude of 11.2, this was the 
brightest supernova seen in a decade. MERLIN 
observations using a subset of the array began 
in early August 2004 and continued to early 
October, followed by imaging runs using the 
full array in November and December 2004. 
This allowed a detailed 5 GHz light cu rve to be 
determined, see Fig.fTllBe swick et al. 120051) . 

The MERLIN observations allowed 
the position of the source to be deter- 
mined to an accuracy of better than 50 mas 
(Argo et al. 2004b), coincident with the opti- 
cal (Nakanoetal. 2004) and Chandra X-ray 
(iPoolev & Lewin 2004) positions, and the star 
cluster n2403-2866 (Larsen & Richtler 1999). 
This illustrates the usefulness of MERLIN for 
this kind of program as, at the time, the VLA 
was in the most compact D configuration. 
Although 2004dj was observed with the 
VLA (Stockdale et al. 2004), the measured 
position was affected by extended emission 
from the galaxy and lies ~1'.'2 from other 
measurements. 

Weiler et al. (2002) find a relationship 
between the peak luminosity of the prompt 
emission from a Type II supernova at 6 cm, 
Lecmpeak, and the delay between explosion and 
peak luminosity of the form 

Lecmpeak - 5 .53;4X 10'*(f6cm peak-fo)' '*'''''^W Hz ' 

where fecmpeak - fo is the delay measured in 
days. For 2004dj, assuming a peak flux density 
of 1 .9+0. 1 mJy (equivalent to Lecmpeak ~ 2.45 x 
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Fig. 1. Radio light curve for SN 2004dj from MERLIN 4994 MHz observations. Observations from day 
to early October were made with a single 217 km baseline (Cambridge-Defford). Each flux measurement 
is a 2.5 day vector-averaged point. Subsequent observations were performed using the full MERLIN array. 
The inset shows an optical image (4x 120 s exposures) of the host galaxy NGC 2403 obtained with a 10-inch 
Schmidt-Cassegrain telescope on April 2nd 2005, SN 2004dj is marked. 



10"* WHz ' at the distance of NGC 2403, 
making this one of the least luminous radio su- 
pernovae ever detected) implies f6cmpeak - to - 
15;^jg days. This places the date of explosion 
between 11 July and the date of optical de- 
tection, 3 1 July, broadly coinciden t with spec- 
troscop ic observations reported bv lPatat et al. I 
( 1200 4') which put the age of the supernova at 
approximately three weeks on August 3rd. 

T his SNe was optic ally classified as Type 
II-P llPatat et al. Il2004h . a relatively common 
type of supernova optically, but rarely de- 
tected at radio wavelengths. In fact, prior 
to 2004dj, the only two Type 11-P SNe de- 
tected by radio tel escopes were SN 1999em 
jTurtle etal.lll987h for which no light curve 
was established, and the well-observed SN 



1987 A dPoolev et al. I l2002h . both of which 
were also relatively weak radio emitters. 

2.3. 2004et 

In September 2004 another bri ght supernova 
was discovered, SN 2004et dZ witter et al. I 
l2004 . The host galaxy, NGC 6946, is an active 
starburst in the monitoring sample, and also 
contains many historical supernovae. As part 
of the monitoring program there were three re- 
cent observations of this galaxy, none of which 
showed any emission at the position of SN 
2004et when re-examined. MERLIN observa- 
tions began in early October and continued 
in parallel with observations of 2004di until 
December ( Besw ick et al. ]l2004b). The result- 
ing radio light curve is shown in Figure 2. 
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Fig. 2. Radio "light" curve for SN 2004et from MERLIN and VLA observations. These MERLIN obser- 
vations were also carried out using a subset of the array during October and early November. Points from 
mid-November onwards are from imaging runs with the full MERLIN array. The mid-November point was 
affected by bad weather. The final November point is from a scheduled monitoring observation with the 
VLA. The December and January points were made after the MERLIN frequency change to 6.035 GHz. 
The contour plot (inset) shows the MERLIN map from an observation on February 9th at 1.6 GHz (see 
text). Contours are -I, and 1 to 10 x 0.2mJy/beam. 



Observations at 5 GHz began while the 
radio emission was still increasing, with the 
peak (~2.5mJy) occuring sometime in early 
November Assuming a distance to NGC 6946 
of 5.5 Mpc ( Pierce 11199 4) gives a peak 5 GHz 
luminosity of ~ 8.7 x 10^** WHz"', 3.5 times 
more luminous than 2004dj. 



For 2004et, equation ( 1 ) results in fecmpeak- 
to of 37^24'^ days. The peak 6 cm flux was actu- 
ally measured on day 37 after initial detection, 
although in this case there is no spectroscopy 
which gives an estimate of the explosion date. 
Unfortunately there is a gap in the MERLIN 
observations of two weeks after the measure- 
ment on day 37. The flux could have continued 



to increase during this period, so there is some 
additional uncertainty in this figure. 

This source was also observed with 
MERLIN in February 2005 at a frequency of 
1.658 GHz and was detected with a flux of 
1.8+0. 2 mJy. VLA monitoring observations in 
April 2005 detected the source with a flux of 
1 .5+0. 1 mJy at 1 .425 GHz and only marginally 
at 4.860 GHz, although this point is heavily af- 
fected by bandwidth smearing. 

2.4. Other supernovae 

2004ain: Another event which has been ob- 
served with MERLIN as part of this program 
was the supernova candidate 2004am in M82, 
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re ported as an inf ra-red detection early in 2004 
bv lMattila et al. Ill2004a ). Observations of M82 
have been carried out regularly as part of the 
monitoring program but, as yet, no radio emis- 
sion has yet been detected from this object 
to a 3-cr limit of 0.1 8 mJybm ' at 5 GHz 
llBeswick et al. l2004ah . 

2004gt: This Type lb supernova was 
reported in NGC4038 in December 2004 
( iMonard 1 12004) . This galaxy is at too low 
a declination for reliable observations with 
MERLIN although, as the system is in the 
monitoring sample, VLA observations were 
obtained on November 1 st (42 days before the 
date on which it was discovered optically) and 
March 17th (95 days after the optical detec- 
tion). The 5 GHz VLA maps from both epochs 
show some emission at the position of the 
sourc e, but nothing above th e existing Hii re- 
gion (iNeff & Ulvestad Il2000 ^. Maps were also 
obtained at 8.4 and 15 GHz but no emission 
was detected at the coordinates of 20 04gt. 

200 5V: Reported in .Tanuarv ( Mattila et al. I 
I2004bll . this event occured in another galaxy in 
our sample, NGC 2146. MERLIN observations 
were made in April at 1.6 GHz and in early 
February at 6 GHz, but no significant emission 
(3-cr limits: 142 and 207 yuJy respectively) has 
yet been observed. 

3. Future 

In the near future we intend to continue mon- 
itoring of both 2004dj and 2004et. Although 
the fluxes of both RSN have now decreased 
significantly, it is important to keep observing 
both objects in the long term in order to detect 
the onset of emission from the subsequent rem- 
nants. In the longer term, regular observations 
of the galaxies in the sample will continue, as 
well as observations of other optically discov- 
ered supernovae with MERLIN when practi- 
cal. 

As a by-product of the monitoring pro- 
gram, the large volume of data collected will 
also allow a thorough investigation of long- 
term variability of the compact components in 
each galaxy. 

The observations so far show the advan- 
tages of using MERLIN compared to the VLA 



which is in compact configurations for approx- 
imately half the year. Programs like this will 
become m uch less time consumin g when e- 
MERLIN (GaiTington et al. "2004) comes on 
line, as observations which currently take sev- 
eral hours will require much less time due to 
the dramatic increase (a factor of ~30) in sen- 
sitivity. 
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